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STRATIFORM DOMES
High Performance Thin-Shell Concrete Structures
Jonathan P. Zimmerman
Stratidome Corporation
Boulder, Colorado

Abstract
The stratiform method of dome construction was invented in response
to the need for energy conserving space enclosures. Polyurethane
foam and concrete are»spray applied in sequential layers on the inside
of a balloon air-form. This process results in structures which require
approximately one-tenth of the building materials with which to build
them, and one-third of the energy with which to heat or cool them.
to the conclusion that an ideal building
system could be realized in the form of a
superinsula ted thin-shell concrete dome struc
ture. Hemisphere geometry provides an in
herently low surface to volume ratio, reducing
the exterior surface area through which heat
is lost. Thin shell concrete doubly curved
surfaces produce a highly efficient strength
to thickness ratio. Large column-free spans
are therefore possible while consuming a
minimum of building materials. The concrete
structure itself, when insulated, provides a
thermal mass which effectively reduces heat
losses.

The primary consideration in the planning of
energy conserving buildings is not only the
skillful utilization of solar heat gains, but
also the reduction of heat losses. The basic
formula for quantifying conductive heat loss
through the exterior building envelope pro
vides the clues for determining the ideal
building system where:
Q = AUM A t
Q = conductive heat loss in BTU1s per
hour
A = exterior building envelope surface
area through which heat is lost
M = reduction coefficient for the mass
of the building structure
A t = temperature difference between inside
and outside ambient air temperatures

The construction method for our structures is
deceptively simple. Each of the various
building types shown begins with a round con
crete slab foundation or ring. Attached to
the foundation perimeter is a predesigned
balloon air-form which is inflated. Poly
urethane foam is then sprayed onto the bal
loon skin from the inside of the air-form.
Air locks provide a convenient method for
entering the inflated dome without affecting
interior static air pressures. Spraying the
foam from the inside of the balloon is sig-

In addition, infiltration losses caused by
pressure differences due to wind velocities
account for a significant loss of energy in
conventional building systems. These losses
can account for as much as 20% to 50% of
building heat loss in conventional buildings,
especially in poorly sealed structures.
Analysis of the process of heat loss led us
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nificant in that far less scaffolding is required to spray from within as opposed to
the outside. Work inside the balloon may
progress with little regard for most weather
conditions. Moreover, foam sprayed onto the
smooth surface of the taut balloon skin forms
the exterior surface of the completed struc
ture. The surface is as smooth as the bal
loon onto which the foam is sprayed. The
foam shell serves three major functions: as
insulation with a thermal resistance better
than twice that of spun fiberglass; as a
seamless, homogeneous coating which reduces
infiltration losses; and as the form onto
which a thin concrete structural shell is
spray applied, again from the inside.

trial breather coating of the desired color
and texture. Polyurethane foams, which are
now formulated to UL flame spread tunnel
test ratings of 25 or lower, may be treated
with fireproof coatings where required. With
the concrete shell inside, however, all
interior spaces are completely isolated from
the foam.

The stratiform method is essentially a com
bination and refinement of existing construc
tion processes. Air structure technologies
were adopted in order to sustain greater
interior static air pressures and skin
stresses. Balloon tie-down systems were de
vised to sustain uplift faces as high as
500 pounds per lineal foot. The techniques
for pneumatically placed concrete, which have
been perfected over the last 25 years in the
swimming pool and mining industries, were
readily adapted to this application. The
concrete shell, sprayed within the foam
shell, is useful in three ways: as a very
strong structure capable of vast spans and
extraordinary loading conditions; as fire
proofing which isolates the foam from all
interior spaces; and as thermal mass. The
mass of a two inch thick concrete shell pro
vides an M value of 0.95 or a 5% relative
reduction of heat transfer through the build
ing skin. The "Flywheel Effect" of the in
sulated thermal mass serves to decrease tem
perature fluctuation cycles in interior
spaces. Reradiating in winter as warm air
rises and conducts energy into the concrete,
the shell acts as a large passive reflector,
radiating energy back into habitable spaces.
When the concrete shell is sufficiently cured,
the dome is depressurized and the balloon is
removed for subsequent reuse. Polyurethane
foam, which is subject to ultraviolet ray
degradation, is then coated with an indus
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The strength of the completed dome structure
is due to the suitability of concrete for
compressive loading.
Some temperature steel
is required by code, and additional steel
reinforcing may be utilized to meet various
span, loading, and foundation conditions.
Some tensile forces are developed in shell
structures as hoop stresses, buckling moments,
and various loading forces are resisted.
Point loads, as well as wind and earthquake
loads, tend to diffuse radially throughout the
structural skin, unlike conventional struc
tural systems which accumulate and concentrate
loads. Domes, which are aerodynamic shapes
must also be designed to resist wind uplift
forces due to the laminar air flow patterns
generated by high winds.
In Boulder, Color
ado, our structures have experienced Chinook
winds recorded as high as 157 miles per hour.
The advantages of reduced surface area, super
insulation, thermal mass, and seamlessness
synergistically combine, resulting in a struc
ture requiring 30% of the energy for space
heating when compared with conventional struc
tures. The Boulder Boys' Club, a 96 foot
(29.26 meter) diameter, 7200 square feet
(673 M2 ) dome, was in use during the first
winter of operation before any heating system
was installed. The energy emitted by light
ing and the boys playing basketball main
tained an average inside temperature of
55°F throughout the heating season.
Construction costs are remarkably competitive
with those of standard uninsulated metal
buildings. Shell costs to date have ranged
from $6.00 to $9.00 per square foot of en
closed floor area. We have completed many
building types with this patented system,
which was invented by William Milburn of

Community Architects, Inc. Several private
homes, an airplane hangar, a gymnasium, a
land sales office, and industrial building,
and an agricultural storage building are
presently in use, with more under construc
tion. Sizes have varied from 36 feet to
120 feet in diameter with an enclosed area
of over 13,000 square feet in the largest
dome. A great deal of design flexibility
is possible. These buildings run the gamut
from simple hemispheric and parabolic forms,
to oblate spheroids and intersections of
multiple domes with hood extensions and
tunnels.
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The conceivable applications are as varied as
building types. The energy saving properties
of these high performance structures make
them ideal for housing, schools, shopping
centers, public buildings, industrial com
plexes, sewage plant covers, and stdrage
facilities. The unique cost and structural
advantages provide additional incentives
for use of this system for food production,
processing, drying and storage, hypobarics,
as well as mass housing in Third World coun
tries. Superinsulated and thin-shell con
crete foam domes provide a natural inter
face with active solar energy collection
systems. The decrease in energy demand for
space heating is accompanied by a similar
reduction in the square footage of solar
collectors required. This alone can provide
a great improvement in the cost effectiveness
of solar heating. Looking beyond the immed
iate future,this easily transportable inflateand-spray method of construction seems made
to order for shallow wate-r ports, undersea
cities, space stations and planetary bases.
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Mr. Zimmerman was graduated in 1969 from
Idaho State University with a Bachelor of
Architecture degree. After serving as an
officer in the U.S. Navy, he traveled exten
sively throughout Europe and North Africa.
Upon returning to the United States and
Boulder, Colorado, he joined Community Arch
itects, Inc., in 1975. The work at Commun
ity Architects, specializing in energy con
serving architecture, led to the development
of the Sunstruc Solarwall system and the
stratiform method of dome construction.
Mr. Zimmerman is now vice-president of
Stratidome Corporation, which was formed to
market, design and engineer dome structures on
a global basis. As such, his duties have
expanded from design and research and develop
ment to include marketing and business plan
ning.

HULL WAREHOUSE
Colorado Springs, Colorado
2 domes joined together; each
60 feet in diameter, 24 feet high.
Total floor area of 5800 square feet.
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BEET PELLET STORAGE FACILITY
FOR HOLLY SUGAR CORPORATION.
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LEDERHOS RESIDENCE
First Floor Plan

Arvada, Colorado
60 feet in diameter, 18 feet high
2500 square feet on the floor.
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RYER RESIDENCE
36 feet in diameter, 26.5 feet high
1018 square feet on the floor.

First Floor Plan
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BOY’S CLUB GYMNASIUM
Boulder, Colorado Phase I completed
96 feet in diameter, 32 feet high
7238 square feet on the floor
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AGRIDOME
This food production dome proposed by
Community Architects would include over
eight acres of floor area for food production,
and living units for the workers built in above.
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